In this paper, we analyze, based on a two-dimensional drift-diffusion simulation, how variations in the structural components of an InGaAs/InP separate absorption, grading, charge, and multiplication photodiode (SAGCM) alter its performance. The model is employed in conjunction with experimental measurements to enhance the understanding of the device performance. Calibration of the model to the material system and growth technique is performed via the analysis of a simpler, alternate structure. Excellent agreement between the calculated results and experimental measurements of the breakdown voltage, dark current, mesa punchthrough voltage, photoresponse, and gain are obtained.
I. INTRODUCTION
The SAGCM APD has been shown to be an effective detector design for light-wave communication purposes [I,2] . The design combines the attractive features of high gain, large bandwidth, and relative relaxation of fabrication tolerances. A cross section of the basic structure under consideration is shown in the inset of Figure 1 . It is evident that the underlying geometry of this device is a akin to a "lo-hi-lo" Read diode. The charge sheet, used to control the electric field profile, is divided into two parts in order to prevent premature breakdown at the edge of the p+ diffusion. The lattice matched InGaAs absorption layer is separated from the InP via a linearly graded region in order to prevent hole trapping. The calculated nominal photo-illuminated and dark currents for this device are given in Figure 1 . From the figure, it is clear that there exists three primary modes of operation for this device. At low bias indicated by Region I, only a portion of the InP region has been depleted, and subsequently, the photoresponse is negligible. When the device is biased into Region II, the annular portion of the charge sheet is depleted as well as a portion of the InGaAs directly behind the annulus. The device now performs similarly to a p-i-n diode and the dark current is dominated by thermal generation in the InGaAs. At high reverse bias, Region III, the mesa charge sheet has also been fully depleted. Thermally generated or photoexcited carriers may now drift from the InGaAs directly into the InP by passing through the high-field multiplication region. Provided that the electric field is sufficiently large in the multiplication region, the carriers will undergo avalanche multiplication and the device behaves as an APD as desired.
II. MODEL DESCRIPTION AND CALIBRATION
In modeling the SAGCM APD, the drift-diffusion subset of our two-dimensional simulator, STEBS-2D [3] , was used. Poisson's equation, the current continuity of both carriers, and the flux equations for both carriers given by:
are solved self-consistently to determine the potential and carrier concentration within the simulation domain. Auger, radiative band-to-band, and Shockley-Read-Hall mechanisms are included within the recombination-generation rates. Additionally, an exponential photogeneration rate and a Chynoweth impact ionization rate are also included [4] . The carrier mobilities follow standard field dependent expressions which account for negative differential mobility. Heterostructures and material non-uniformity are also included in the model. A thermionic emission boundary condition is used at heterointerfaces to insure that proper current limitations are enforced [5] . Table I enumerates some of the parameters used in these simulations. As with any numerical model, the calibration of the model to the material system and growth technique at hand is critical. Even though the majority of material parameters were obtained through literature searches, we felt it necessary to calibrate our model with a similar device manufactured using the same fabrication processes. In particular the low-level injection lifetime, "SR#-/, which could vary with growth technique, was obtained, The device under consideration is also 
III. SIMULATION OF SAGCM DEVICE
Using the previously described model, it is possible to successfully simulate the SAGCM APD. Good quantitative agreement with experimental measurements of the dark and photo-excited current is found [7] as seen in Figure 1 . With the understanding that the model can accurately predict the baseline response of the device, additional characterization can be performed by systematically varying key geometrical components of the device. Figure 3 shows a sampling of this analysis indicating how perturbations in the multiplication region thickness, x d, affect the dc response of the device. This indicates that relatively minor changes in the device geometry are seen to dramatically alter the range over which the device operates.
IV. CONCLUSIONS
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